Eugenol Lignin: its Chemical Properties and Significance BY D. E. BLAND Divi8ion of Forest Product8, C.S.I.R.O., Melboumne, Australia (Received 11 January 1961) Observations by several investigators have shown that many different substances may appear to act as precursors of lignin in growing plants or in artificial systems. Stone (1953) has pointed out that deposition of a radioactive lignin from a labelled precursor is not in itself proof that the supposed precursor has been incorporated into the lignin. The radioactivity may be due merely to copolymerization. Schubert, Acerbo & Nord (1957) demonstrated the incorporation of labelled p-hydroxyphenylpyruvic acid into the lignin of sugar cane. Acerbo, Schubert & Nord (1958) showed that the carboxyllabelled acid gave an active lignin but that the vanillin produced from it was inactive, thus suggesting that the aromatic ring of the acid was incorporated as such into the lignin. Kratzl & Billek (1959) found that the [3-14C]-labelled acid, when infused into lignifying spruce tissue, gave an active lignin but that the vanillin produced from it was of very low activity. This appears to be a case of co-polymerization. However, Brown, Wright & Neish (1959) found that the wheat plant could synthesize guaiacyl and syringyl radicals from this precursor.
Artificial lignification of Elodea sections in solutions containing peroxide and eugenol has been demonstrated by Siegel (1954) . In a system with added peroxidase a lignin was deposited on a filterpaper matrix (Siegel, 1956 ). The lignin formed was similar to natural lignin in ultimate composition (Siegel, 1957) . Higuchi (1957) , experimenting with bamboo-shoot and horseradish enzyme preparations, observed the formation of a lignin-like substance from old, but not from freshly distilled, eugenol. He concluded that the lignin-like substance was formed from coniferaldehyde in the eugenol. On the other hand, Stafford (1960) found that a lignin-like substance was deposited in Phleum leaf sections even by freshly distilled eugenol. This 'lignin', although giving a positive phloroglucinol test, differed from the natural lignin or that formed from ferulic acid in not being extractable with 2 % sodium hydroxide.
Artificial lignification of oat (Avena) coleoptiles, Elodea internodes and other tissues in the same medium as used by Siegel in his experiments was studied by Wardrop & Davies (1959) mainly from the morphological point of view, and they concluded from electron micrographs and staining reactions of the lignifying tissue that the artificial lignin was deposited between the cellulose microfibrils in the wall in the same way as natural lignin.
These morphological studies leave unanswered the question of whether the lignin deposited is identical with natural lignin. It has been pointed out by Freudenberg (1958) for coniferyl alcohol, these values being taken from the curves of Aulin-Erdtman (1953 Artificially lignified potato parenchyma was prepared as follows. Potatoes (9 kg.) were carefully peeled and all traces of shoots removed. Slices were treated in a Waring Blendor and the resulting pulp was allowed to stand in water (20 1.) until the starch settled to the bottom, when the suspension of pulp was poured off the starch. At this stage addition of eugenol solution to a test portion of the suspension resulted in strong yellowing of the solution presumably caused by the presence of dissolved peroxidase. After four washings, addition of eugenol solution to a test portion caused a barely perceptible yellowing of the solution. The suspended parenchyma was filtered on a Buchner filter and pressed as dry as possible.
The filter cake was broken up and stirred into 20 1. of the eugenol solution described above. After a few minutes the cellular material became a bright yellow but this faded to a dull brown within an hour. After several hours the supernatant liquor was poured off and the treatment repeated, a total of six treatments being given over a week. The preparation was then washed with water (20 1.) four times by decantation and then eight times with warm (50°) ethanol (51.). It was then sucked dry on a Buchner filter, washed with water and spread out to air-dry. This yielded 336 g. of material containing 15 % of moisture.
Determination of lignin in artificially lignified tissues.
Klason lignin was determined by adapting the procedure of Ritter, Seborg & Mitchell (1932 (i) An attempt was made to isolate lignin by the Urban (1926) procedure from the eugenol-treated potato parenchyma as follows. Lignified parenchyma (5 g.) was placed in a reagent bottle with 300 ml. of a mixture of conc. HC1 (1350 ml.) and 90 % (w/w) H3PO4 (400 ml.). The bottle was half filled with glass beads and rotated at about 200 for 6 days. The beads were removed by pouring the mixture through a Buchner funnel without a paper, and the lignin was recovered by repeated washing by centrifuging and drying in vacuo at 450.
(ii) Isolation of the lignin by fine grinding in toluene as in the preparation of milled wood lignin according to Bjorkman (1956) Estimation of p-hydroxybenzyl alcohol group8. These were tested for by the p-quinonemonochloroimide method of Gierer (1954) . RESULTS
The phloroglucinol-hydrochloric acid colour test was positive for the stock eugenol but negative for the purified material. The results of the analyses given in Table 1 confirm that it contained a significant quantity of coniferaldehyde but that the purification process reduced this to a negligible amount. The artificially lignified tissues stained strongly with phloroglucinol-hydrochloric acid reagent. The u.v.-absorption spectrum of a dispersion of lignified oat-coleoptile tissue in phosphoric acid is shown in Fig. 1 .
Determination of lignin by the Klason method on both the oat coleoptiles and the potato parenchyma gave lignin percentages of over 12 % in both cases, but 
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The low carbon and methoxyl-group content of the Urban lignin suggest that it is heavily contaminated with carbohydrate material. The yield indicates that it does in fact contain all the lignin but the excessive carbohydrate contamination renders it valueless for chemical investigation. The methanol lignin was obtained in low yield and the ash and nitrogen contents were so high that it also was of no value. The result of the Klason determination after the methanol treatment shows that a large part of the lignin was resistant to the methanol treatment and that it had not been dissolved or degraded to ether-soluble oils.
The ball-mill lignin, recovered by grinding in toluene and extracting with dioxan according to Bjorkman (1956) , shows high carbon, relatively high methoxyl-group content and low ash and nitrogen. These results point to its being a fairly pure lignin but the yield as shown in Table 3 was very low. The i.r.-absorption spectrum of this lignin is shown in Fig. 2 together with those of eugenol and lignin obtained from milled wood of Pinu8 radiata. That of the eugenol lignin clearly resembles that of the P. radiata lignin.
Lignin isolated by ethanolysis had the lowest nitrogen content but the yield was also low. Table 3 shows that the total alkoxyl-group content of this lignin, corrected on the assumption that the contaminant is protein containing 16% of nitrogen, does not indicate that any considerable ethylation had taken place, although x-ethoxypropionylguaiacone was present in the ether-soluble oil.
The results of the nitrobenzene oxidation of the artificially lignified potato parenchyma together with those of parallel experiments on P. radiata wood, eugenol (I) and dehydrodieugenol (II) are 21Wt j; / .
A A AA Wavelength (z) Fig. 2 . Infrared-absorption spectra of: 1, eugenol; 2, milled potato-parenchyma eugenol lignin; 3, milled P. radiata wood lignin. (Bland & Szilagyi, 1960) . The yields of dehydrodivaillin shown in Table 4 suggest that there are about the same number of diphenyl groups in the eugenol lignin as in P. radiata lignin. The artificially lignified potato parenchyma gave no colour reaction with the p-quinonemonochloroimide. This indicates thatp-hydroxybenzyl alcohol groups are absent.
DISCUSSION
The colour reaction with phloroglucinol, the insolubility in 72 % (w/w) sulphuric acid, the infrared and ultraviolet spectra, as well as the ultimate composition of the 'lignin' formed by potato parenchyma from eugenol in the presence of peroxide, all indicate that the eugenol 'lignin' is similar to gymnosperm lignin. On the other hand, its failure to give any colour reaction with p-quinonemonochloroimide shows that it contains none of the phydroxybenzyl alcohol groups (V), which are characteristic of natural gymnosperm lignin (Gierer, 1954) . Similarly, the fact that the total alkoxyl-group content of the ethanol lignin did not indicate appreciable ethylation points to the absence of arylcarbinol groups (VI) and their ethers, which are probably the principal groups of natural lignin that can be alkylated (Adler, 1958 absence of arylcarbinol groups and may be taken to indicate a large number of C-C bonds between the phenylpropane units, of the artificial lignin. In view of the readiness with which eugenol forms dehydrodieugenol (II) it might be suspected that a large number of diphenyl links would occur in eugenol lignin, but the low yield of dehydrodivanillin (III) shows that this is not the case. Despite similarities of the eugenol lignin to gymnosperm lignin it does differ from natural lignin in the very important aspects mentioned above and certainly cannot be accepted as a true lignin. This should emphasize the danger of drawing conclusions about natural lignification from experiments in artificial systems. SUMMARY 1. Artificial lignin has been produced on oatcoleoptile segments and potato parenchyma from purified eugenol in buffered aqueous solution contamiing hydrogen peroxide.
2. The colour reaction of the eugenol lignin with phloroglucinol, its behaviour in the 72 % (w/w) sulphuric acid lignin determination and its ultimate composition were all similar to these characteristics of gymnosperm lignin. Its ultraviolet-and infrared-absorption spectra were similar to those of gymnosperm lignin.
3. Unlike natural lignin, the eugenol lignin has no p-hydroxybenzyl alcohol or other arylcarbinol groups that can be ethylated.
4. On oxidation with nitrobenzene the eugenol lignin gave only a low yield of vanillin (5 %). The yield of dehydrodivanillin was about the same as from lignin. 5. It is concluded that eugenol lignin is a ligninlike substance, but that it differs from natural lignin in important respects. Conclusions about natural lignin and lignification drawn from experiments with eugenol lignin must therefore be made with the utmost caution.
